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INTRODUCTION
A fundamental question of population and community ecology is what determines the absolute and relative abundances of species within local regions. Local population density is a consequence of the survival, reproduction, and dispersal of individuals. These processes are affected by the capacity to tolerate the physical environment, the availability of essential resources, and interactions with other individuals of the same and different species. One problem with assessing the roles of these environmental factors in limiting population density is that often they are not independent of each other. Thus, for example, both fluctuations in climate and the presence of competing species can affect the availability of resources, and both climate and parasite infections can change requirements for resources. In foraging to meet these varying resource requirements, individuals may differ in their risk of predation.
The independent and interacting effects of such limiting factors can be studied by controlled field experiments in which some variables are held constant while others are manipulated systematically. We used such experiments to analyze the effects of two factors, food availability and the presence of other rodent species, on the population densities and community organization of desert rodents, and we discuss relationships between these factors and climatic variation and predation.
Communities of North American desert rodents may be comprised of as many as 16 species, of which about half are usually primarily granivorous (Table 1) . Most ecological studies of desert rodents have focused on these seed-eaters, because they provide an excellent system for assessing the effects of food limitation and interspecific competition on a guild of ecologically similar species (e.g., see Brown et al. 1979b Kotler 1984 , Brown 1984 ). All of these species feed primarily on the seeds of annual plants, a particulate resource that is produced in pulses following infrequent and unpredictable precipitation. Although seeds appear to be harvested (or at least to disappear from the soil surface) rapidly following flushes of seed production, they can persist for many months or years in the soil and in the stored caches of rodents. Potential competition for these food resources occurs not only among rodent species, some of which differ substantially in morphology, physiology, and behavior, but also between rodents and other kinds of desert granivores such as birds and insects (Brown and Davidson 1977, Brown et al. 1979b) .
One advantage of the desert rodent system is that it lends itself to experimental manipulations of such potentially important factors as availability of food (Abramsky 1978 . We tested the hypothesis that food is a limiting resource by adding seeds to experimental plots. We also tested the hypothesis that these species compete by experimentally removing certain combinations of species from other plots. We assessed the effects of these manipulations by comparing the population densities, energy consumption, and life histories of rodents on the experimental and control plots.
METHODS

Study site
The study was conducted on the Cave Creek Bajada (a deposit of alluvial soil) 6.5 km east and 2 km north of Portal, Cochise County, Arizona, at an elevation of 1330 m. The soil at this site is a fairly homogeneous mixture of alluvial boulders mixed with and overlaid by finer particles. The terrain is relatively flat except where it is dissected by several temporary watercourses. The vegetation is primarily upper elevation Chihuahuan desert scrub, but the habitat structure varies from open grassy areas to stands of widely spaced shrubs (primarily Gutierrezia, Ephedra, Flourensia) to dense stands of arborescent Acacia and Prosopis along the usually dry watercourses. The entire study site, encompassing -20 ha, has been enclosed since July 1977 with a barbed-wire fence to exclude domestic livestock.
Experimental plots
Experiments were conducted on 24 plots, each 0.25 ha in area (50 m on a side). These plots were placed to include the flattest areas of most homogeneous vegetation but to leave at least 25 m between adjacent plots (Fig. 1) . Twenty-three plots were established in July 1977. The final plot was added in July 1979.
All plots were fenced with 6-mm wire mesh. Fencing 90 cm wide was buried 20 cm in the ground and bent outward 10 cm at the bottom to discourage rodents from digging under. The remaining 60 cm of wire was supported vertically by metal posts (13-mm steel reinforcing rod). A 15 cm wide vertical strip of aluminum flashing was riveted to the top of the fence to prevent rodents from climbing over. This fencing rendered all plots potentially rodent-proof, but 16 holes (gates) of varying sizes cut in the fences (4 gates equally spaced along each side of each plot) allowed access of selected rodent species to appropriate plots (see Experimental Manipulations, below). The fencing uniformly excluded jackrabbits (Lepus californicus) from all plots, but did not restrict access by cottontail rabbits (Sylvilagus auduboni), which regularly jumped over the fences.
Experimental treatments were assigned to the plots at random, with the three exceptions mentioned below. There were two replicates of each of 12 treatments ( (which was confined as much as possible to designated east-west pathways along the permanent grid stakes in each plot).
There were three exceptions to this schedule and to random assignment of treatment to plots. One of the two plots (Plot 5) initially designated for removal of the ant species Pogonomyrmex rugosus was found to contain no colonies of this species, and in July 1979, Plot 12 (previously unassigned) was assigned to this treatment. On the same date, Plot 5 was reassigned for removal of the rodent species Dipodomys spectabilis (a new experimental manipulation) and another plot (Plot 24) was constructed to provide a second replicate of this treatment.
Experimental manipulations
Seed addition experiments. -Eight 0.25-ha plots were assigned to four seed addition treatments: (1) large size, constant rate; (2) small size, constant rate; (3) mixed sizes, constant rate; and (4) mixed sizes, pulsed. In all cases we added seed to each plot at a rate of 96 kg/yr. This should have approximately doubled the availability of seed biomass, because our estimates of native seed production are 400 kg ha-' * yr-'. From September 1977 to August 1980 the supplemental seed was milo (Sorghum vulgare Pers.), but when we found that granivores, especially ants, do not avidly take this species, we switched in September 1980 to millet (Panicum miliaceum L.). "Large" seeds were added whole (Xmass = 6 mg for millet), whereas "small" seeds were cracked (X mass _ 1 mg). A "mixed" addition was simply an equal mixture of whole and cracked seeds. In the "constant rate" additions, 8 kg of seed were supplied once per month, whereas in the "pulsed" treatment the entire yearly allotment of 96 kg was added in 2-6 equal installments over the 2-mo period (September-October) corresponding to peak seed production by the summer annuals. Seeds were scattered by hand over the entire area of each plot.
Dipodomys removal experiment.--Four plots were assigned for removal of all Dipodomys species (D. spec- Table 2. tabilis, D. merriami, and D. ordii; see Table 2 ). In September 1977 the gates in the fences were reduced in size to prevent passage by Dipodomys, and all individuals of this genus were removed as they were captured in monthly censuses. The reduced gate size (1.9 x 1.9 cm) effectively prevented colonization by Dipodomys but allowed the free passage of five species of small granivorous rodents (Perognathus [hereafter abbreviated Pg.] penicillatus, Pg. flavus, Peromyscus eremicus, P. maniculatus, and Reithrodontomys meg- cm) perpendicular to the fences on either side at the locations of the small gates to enable the rodents to find the gates easily and to move freely both into and out of the plots (well-worn runways attested to the fact that rodents had no difficulty in finding the much larger gates on nonremoval plots, and therefore baffles were not used on these plots). Two of the Dipodomys-removal plots, as well as two others (see Table 2 Ant removal experiments. -Four plots were assigned for removal of all granivorous ant species and four were designated for selective removal of Po. rugosus. Removal and continued exclusion of ants was accomplished by the use of poisoned bait (Myrex through 1980 and AMDRO thereafter), which was applied beginning in September 1977. Studies of toxicity to mammals and our experimental results suggest that neither poison had any significant effect on the rodent populations. On plots from which all seed-eating ants were to be removed, bait was both broadcast and applied to individual colonies. On Po. rugosus removal plots, bait was applied only to colonies of this species. Colonies of Po. rugosus and Po. desertorum that persisted after poisoning were asphyxiated by first pouring 250 mL of gasoline down the entrance hole, then sealing the entrance. (As described above, there was a change in the assignment of one Po. rugosus removal plot.) On two of the ant removal plots, rodent removals were also carried out.
Measurement of responses
We used a monthly trapping regime to assess changes in the densities and total biomass of rodent species and in the life history attributes of individual rodents in response to our experimental manipulations. Trapping was conducted on all 24 experimental plots during a period of two or three successive nights at approximately monthly intervals, at a time corresponding as much as possible to the time of the new moon. From these data on captured individuals, five life history attributes were assessed for each species on each plot: average adult body mass, percent of population exhibiting reproductive activity, and two measures of residence status. Average adult body mass of a species was calculated as the average mass of individuals that exceeded a threshold mass for their species and sex; the threshold used was the lowest mass at which the majority of individuals of a given species and sex showed reproductive activity. Rate of energy consumption was calculated using the number of individuals, the average individual body mass (M, in kilograms), and the allometric equation E = 753M0-67, where E is the individual rate of energy consumption (in kilojoules per day) (King 1974 
Statistical analyses
Despite the large spatial scale and long temporal duration of these experiments, replication of the particular treatments was limited. This created problems for statistical analysis. Nevertheless, we have tried to be statistically rigorous in our treatment of the data. Because the number of replicates for each test was small we have used nonparametric analysis (specifically, the Mann-Whitney Utest; Siegel 1956) wherever possible. In those cases where the number of replicates was so small as to preclude any possibility of significance with nonparametric tests, we have used parametric procedures (i.e., analysis of variance). Because a U test typically has less statistical power than an analysis of variance, our reliance on the former test could have led to an increased frequency of Type II errors. This does not appear to have occurred, however. For each of the 56 U tests presented in the Appendix, we also tested the same data by an analysis of variance. For only two of the tests was there a significant difference; in both instances the U test gave the smaller probability value (see Appendix).
To analyze for the effect of experimental treatment on the four life history parameters, we compared results for experimental plots (where variables had been manipulated) with those for control plots (where the same variables had been held constant). To determine the effect on densities and biomass, we used the magnitude of the change on each plot from the period before manipulation to the period after manipulation. This helped to control for any chance differences in 
Effects of seed addition
The primary responses to the availability of supplemental seeds were: (1) a substantial increase in the density and energy consumption of the largest granivorous rodent species (D. spectabilis); (2) a significant decrease in the total energy consumption of all other seed-eating species; the latter effect can be attributed to (3) a large decrease in the combined density and energy consumption of the two medium-sized granivorous species (D. merriami and D. ordii) (Figs. 2 and  3 , Appendix). These responses appeared to occur on all of the seed addition treatments. The size of seed particles provided and the temporal schedule of seed addition had little apparent effect on the rodents. The only exception was an apparently longer residence time and a higher percentage of adult individuals in reproductive condition for D. spectabilis on the plots where seeds were added in a seasonal pulse rather than evenly throughout the year. None of the smaller rodent species other than Dipodomys showed any significant response to the seed addition treatments (Figs. 2 and 3) .
On the eight plots to which seeds were added, D. spectabilis increased (between year 1 and years 2-5) in mean density from 0.97 to 1.61 individuals per plot per period (a 66% increase) and in energy consumption from 170 to 288 kJ plot-'d-1 (69%) (Fig. 4) . During this same period D. spectabilis on control plots decreased in density from 1.33 to 0.98 individuals per plot per period (26% decrease) and in energy consumption from 242 to 165 kJ plot-d-(32%). Effects of seed addition were significant for both measures (Mann-Whitney Utests: U = 1, P = .044 for both variables). The corresponding decreases in both density and energy consumption of D. merriami and D. ordii, in response to the addition of seeds, were even more significant (U = 0, P = .022 for both variables): density decreased from 2.35 to 1.37 individuals per plot per period (58%) and energy consumption decreased from 211 to 126 kJ plot--d-l (60%) on plots to which seeds were added, while on control plots density increased from 2.54 to 2.65 individuals per plot per period (4%) and energy consumption increased from 228 to 244 kJ plotd-l (7%).
We analyzed attributes of individual kangaroo rats that may have caused or responded to these changes in population density with increased food availability. 
Effects of Dipodomys species
We removed all three species of Dipodomys from four plots and monitored the populations of the small rodents on these plots and on four control plots to test for competition among rodent species. As expected under the hypothesis that competition for food is important in this community, small seed-eating rodents, but not small nongranivorous species, increased in density in response to this manipulation. This result was well established within 3 yr and was reported briefly elsewhere (Munger and Brown 1981 ). Here we include two additional years of data and present a more detailed analysis.
The results continue to support the competition hypothesis. During the 3-mo pretreatment period and for an additional 8-9 mo after Dipodomys was removed, there were no significant differences in the densities of small rodents between the removal and control plots; in fact, densities of small seed-eating rodents averaged 2.17 times as high on the control plots (Fig. 6) that supported a lower density of small seed-eaters than any control plot. For all of the small granivorous species considered collectively, these results are highly significant (U = 0, P = .014). As shown in Table 3 , none of the small rodents responded to the treatments during the 1st yr, but then four of the five small granivores (but neither of the nongranivores) showed significant increases in the absence of Dipodomys: Pg. flavus, R. megalotis, P. maniculatus, and P. eremicus. Only Pg. penicillatus showed no significant response, but this species occurred at low densities and exhibited a very patchy distribution among plots. We note parenthetically that P. eremicus, an excellent climber that sometimes scaled the "rodent-proof' fences, was also captured 2.7 times more frequently on the four plots from which all rodents had been removed than on the four control plots (U = 2.5, P = .08). The dramatic and consistent increase of small seed-eating rodents in the absence of Dipodomys supports the competition hypothesis. Additional evidence in support of this hypothesis and of the proposition that the competition is primarily for food came from monitoring densities of small nongranivorous rodents. Two species of primarily insectivorous rodents, Onychomys leucogaster and 0. torridus, passed freely through the small holes in the fences of the Dipodomys removal plots. Jointly the densities of these insectivorous species were not significantly different on experimental and control plots (densities were 26% greater on control plots, but U = 5, P = .43), and neither species showed any difference when considered individually (Table 3) . Taken together, these data suggest that rodent species that eat significant numbers of seeds increase substantially in density when granivorous Dipodomys species are removed, but insectivorous rodents are unaffected. These results not only reinforce the conclusion that granivorous rodents compete for a limited food supply, they also help rule out alternative explanations, such as that the increase in small rodents was attributable to reduced losses to predators (e.g., snakes) that were differentially excluded from experimental and control plots by the differentsized holes in the fences.
The data on individual life history attributes showed no significant differences between Dipodomys removal and control plots that might indicate the mechanism of the response of small seed-eating rodents to missing competitors. We emphasize, however, that the number of replicates was small and that there was considerable variation among experimental plots. We suspect that the increased density of small granivorous rodents on Dipodomys removal plots can be attributed largely to immigration.
Effects of ants
In contrast to an earlier study at another site where seed-eating rodents were shown to increase in density when granivorous ants were removed (Brown and Davidson 1977, Brown et al. 1979b), we noted virtually no significant response of rodents to removal of either Pogonomyrmex rugosus alone or all species of granivorous ants. The only exception was a significantly greater increase (F = 8.25, P < .05) in the combined densities of the small seed-eating rodent species on plots where both Dipodomys and Po. rugosus had been removed than on plots where only Dipodomys was absent; this result was obtained only for the 2nd yr of the study (1978) (1979) , which was also the 1st yr of the response of the small granivorous rodents (Fig. 6) . Although we do not want to attach too much importance to this result, it is possible that the small granivorous rodents initially responded to a greater availability of seeds on plots where both Dipodomys and Po. rugosus had been eliminated, but, because the other ant species subsequently increased to compensate for the missing Po. rugosus, this response was ephemeral.
Compensation in energy consumption
Although experimental provision of additional seeds and removal of certain rodent species resulted in increased abundance of certain rodent species, it is of interest to ask to what extent these increases compensated for the changes in food resource availability. The degree of compensation was estimated from data on the usable energy content of supplemental seeds (11 637 kJ/kg for millet; from values in Altman and Ditman 1968) and from allometric equations relating the average daily energy requirements of a small mammal to its body mass (see Methods: Measurement of Responses). Results of these calculations are shown in Table 4 . Compensation was surprisingly slight: virtually none for the added seed, only -10% for removal of the three Dipodomys species, and perhaps as much as 34% for the removal of D. spectabilis. We emphasize, however, that statistical confidence cannot be placed in the last figure, because the response of the remaining rodents (primarily the increase of D. merriami and D. ordii) to removal of D. spectabilis was not statistically significant. Therefore we conclude that although adding seed or removing competing species made additional food resources available to the remaining rodent species, only a small fraction of these additional energy resources were actually converted into rodent biomass. Although certain species clearly profited from enhanced food availability and increased in density, these changes were inadequate to account for most of the millet seeds that we provided or the natural seeds that were made available by removing competing rodent species.
DISCUSSION
Our experiments provide three lines of evidence that interspecific interactions are important in determining desert rodent densities and community organization. 1) Small seed-eating rodents increased in density when three species of kangaroo rat were removed. 2) The two medium-sized species of kangaroo rat showed reciprocal density shifts to changes (both induced and natural) in density of the larger kangaroo rat, D. spectabilis.
3) Use of plots by nonresidents of the two mediumsized species of kangaroo rat (as measured by increased trapping success when trapping with the gates open) was higher on plots where densities of D. spectabilis were high than on plots where densities were low, which indicates that although the smaller congeners could trespass and do some foraging on D. spectabilis home ranges, they were strongly inhibited from establishing residence there.
In addition, our experiments, as well as other observations, indicate that these interactions are due, at least in part, to food limitation and competition for this scarce resource. This evidence includes: 1) densities of species of small rodents that are not highly granivorous did not respond to the removal of Dipodomys species;
2) the direction of the reciprocal density shifts between D. spectabilis and the two medium-sized Dipodomys species was determined primarily by seed availability: D. spectabilis increased on seed addition plots, D. merriami and D. ordii increased on all other plots;
3) use of plots by nonresidents was much higher on seed addition plots than on other plots; and 4) densities of large-seeded winter annual plants have increased as much as several thousand times in response to the removal of rodents, indicating that predation by these granivores substantially reduces the standing crop of their food resources (Brown et al., in press).
We measured several life history parameters in an attempt to discern the demographic mechanism that was responsible for the density changes caused by our manipulations. D. merriami had a lower percentage of residents on seed addition plots, corresponding to its lower densities there. This may indicate that a reduction in successful immigration onto seed addition plots or an increase in emigration from these plots may have led to decreased densities there. D. spectabilis had a higher average adult body mass on seed addition plots; the demographic consequence of such a result is unknown. Our failure to find further differences in reproduction or residency that could account for the other changes in density (such as the increased populations of small seed-eaters in response to removal of Dipodomys) indicated that identifying the mechanisms that lead to a change in abundance is likely to be more difficult than simply documenting the shifts in density. This may be because very small adjustments in rates of reproduction, survival, immigration, and emigration can lead to rather large differences in standing densities.
Although we have demonstrated food limitation and interspecific competition, we still know very little about how these processes operate to influence the abundance of species and the organization of the community. For example, we do not know to what extent species compete by interference and exploitation, exactly how resources are used differentially among species so that stable coexistence is maintained, or what roles antipredator strategies, life history traits, foraging behaviors, seed storage, and hibernation play in the interactions among species. It is important to work out these mechanisms, because in order to interpret our results manipulations that supplied additional food or altered the densities of particular rodent species resulted in substantial changes in densities of certain species, the magnitudes of the compensatory responses in terms of energy consumption were very small. This suggests that processes other than straightforward competition for food among rodent species must also play important roles in determining the structure and function of this community. Possibilities include: (a) intraspecific competition and aggression; (b) competition with other seedeating organisms, such as birds and ants, that might also compensate to unknown degrees for seeds made available by the manipulations; and (c) predation or foraging constraints that might make it unprofitable for certain rodent species to collect particular kinds of seeds or to forage in certain microhabitats. For example, the failure of small seedeaters to compensate for missing Dipodomys might be due in part to increased susceptibility of the small granivores to predation if they were to increase foraging in the open microhabitats favored by the missing kangaroo rats (see Rosenzweig 1973 , Brown 1975 Evidence for asymmetrical competition comes especially from the dependence of the outcome of interactions among kangaroo rat species on levels of food availability. Addition of seed did not result in an increase in the density of all granivorous rodent species, or even in an increase in some species and no significant change in others. Instead, regardless of the size of seed particles added and the temporal pattern of seed addition, the manipulation favored the largest granivorous rodent species, D. spectabilis, at the expense of its medium-sized congeners, D. merriami and D. ordii. This is consistent with reports that D. spectabilis is restricted to highly productive regions of deserts and arid grasslands, whereas D. merriami and D. ordii have wide distributions that include much less productive habitats (Rosenzweig and Winakur 1969 , Brown 1975 , Frye 1983 . It is also consistent with evidence that D. spectabilis is behaviorally dominant and aggressively excludes small kangaroo rats (Frye 1983 , M. A. Bowers et al., personal observation). Although our experiments provide no additional direct evidence on the mechanism, it seems reasonable that the asymmetry is due in large part to the size difference between the kangaroo rats. It is more likely that increased densities of D. spectabilis (in response to increased seed availability) caused the decrease in the densities of D. merriami and D. ordii, than that the converse is true. Unfortunately, because of the difficulty of designing fences that would allow free access of D. spectabilis while excluding the medium-sized kangaroo rats, it will be difficult to obtain direct experimental evidence to test this hypothesis.
Similarly complex patterns are apparent in the response of the small seed-eating rodents to our manipulations. These species showed no significant response to either seed addition or D. spectabilis removal, but they increased several-fold when all three Dipodomys species were removed. This suggests that the kangaroo rats, especially the medium-sized species D. merriami and D. ordii, have a strong competitive effect on the small granivorous rodents over a wide range of potential availability of seeds. On the other hand, had we been able to perform the reciprocal experiment and remove the small granivores, it is unlikely that we would have been able to detect any competitive effect on Dipodomys. Such noncomplementary results can be expected whenever coexisting species differ greatly in individual body mass (which can result in asymmetrical interactions based on aggression or differential foraging efficiency), population density, or both (as in the present study). Such differences can greatly complicate the interpretation of removal experiments to test for competition. For example, Abramsky and Sellah (1982) removed the smaller of two granivorous rodent species from a sand dune in Israel and found little evidence for competition, but it is questionable whether the expected response would have been of a detectable magnitude, especially given the lack of replication and short duration of their experiment.
In all of our experiments we observed time lags of several months to a year before we noted any changes in the rodent populations, and several years were required to obtain statistically significant results (see also Hairston 1980 ). This observation also seems to have important implications for other field experiments in which supplemental food is provided or selected species are removed. Clearly the absence of an immediate response cannot be taken to indicate the lack of food limitation or competition. It is noteworthy, however, that other experimental studies of desert rodents that have failed to obtain any evidence of competition have been conducted for less than a year (e.g., Schroeder and Rosenzweig 1975, Abramsky and Sellah 1982). It remains unclear why we observed such long delayed responses to our manipulations. Production of desert seed crops and rodent reproduction both occur in temporal pulses associated with favorable conditions (adequate precipitation). Because at least some species of desert rodents (especially D. spectabilis) store seeds in caches and disperse primarily as juveniles, it is perhaps not surprising that availability of a new seed crop or of dispersing young rodents may be required for local populations to respond completely to altered conditions of food availability and density of competitors. This does not necessarily mean that periods of significant competition are infrequent, as Wiens (1977) has suggested. If this were the case, one would expect to see significant differences in the rodent populations among our experimental treatments only during such rare instances. But we observed that once the rodents had responded to the manipulations, the relative magnitudes of the differences in densities and biomass of species between experimental and control plots remained surprisingly constant (e.g., Figs. 2 and 6 ).
Both the low degree of compensation and the long time lags can probably be attributed at least in part to two complicating factors that are common to many communities: competitive interactions with distantly related organisms, and indirect effects of granivores mediated through their impact as predators on seedproducing plants. Preliminary results of ongoing experiments suggest that both are important in this system. Although much of the food made available by adding exogenous seeds or removing competing rodent species is not converted into rodent biomass, this seed does not persist for long in the environment. Preliminary data suggest that at this study site as elsewhere (e.g., Brown Another factor that may be extremely important in this community is the impact of rodent predators. We emphasize that although our experiments demonstrate that limited food resources and interspecific competition play major roles in the organization of the rodent community, this does not mean that predation is not also important. Indeed, our study site supports many predators (including coyotes, hawks, owls, and snakes), and we have little evidence to suggest that rodents die of starvation. We suspect that most individuals are killed by predators (and we have witnessed a few incidents). Probably food supply, interspecific competition, and predation interact to limit rodent populations. Competition among species decreases an already limited food supply and causes individual rodents to spend more time foraging and to forage in more exposed microhabitats, thereby increasing their susceptibility and losses to predators. Other processes, such as parasitism, may also be important, but these are even less well understood (Munger et al. 1983 ).
Variation in the physical environment obviously also plays a major role in regulating the population size and determining the community structure of desert rodents. Although this has not been a focus of our experiments, the effects of climate are apparent in our data. The substantial increase in the average densities of both kangaroo rats and small granivorous rodents in the winter of 1981-1982 (Fig. 6) appears to have been a direct consequence of exceptionally heavy precipitation and high seed production in the preceding months. These temporal fluctuations are consistent with data showing correlations between precipitation, seed production, and granivorous desert rodent population density and species diversity over geographic gradients in southwestern North America (Brown 1975 ). This provides an example of how physical and biotic factors (climate and prey availability) can interact to limit population densities and affect community organization.
Experimental manipulations are very much in vogue in contemporary ecology. Although we believe the present study provides another example of the valuable insights that can be obtained from replicated, controlled experiments conducted in the field, we caution against the uncritical acceptance of experimental results as an accurate representation of the patterns and processes that occur in unmanipulated systems. In this regard, we mention several limitations of our procedures that should be considered before extrapolating our results to make inferences about natural communities.
1) The spatial and temporal scales of our manipulations were arbitrarily limited. Our experimental plots were tiny islands in a vast sea of unmanipulated desert. Would we have observed the same kinds or magnitudes of density changes if we had been able to treat much larger areas, or do the responses we recorded simply reflect the choice of small patches of favorable habitat by individuals whose populations are regulated largely by other processes operating on a much larger spatial scale?
2) Although we tried to minimize or control for artifacts associated with the use of fences to limit immigration onto the plots, several possible effects remained. Perhaps the most serious was the differential exclusion of rodent predators, especially large snakes, which could pass through the large gates but not the small ones. To some extent, monitoring populations of non-seed-eating rodents, which presumably have the same predators, is a control for this. This control would be invalidated, however, if the non-seedeaters are not susceptible to predators (as is perhaps suggested by the clumsy locomotion and strong, unpleasant odor of the two Onychomys species). Another problem is that the rodents might ultimately be indirectly affected as a consequence of the differential exclusion of other kinds of organisms, such as insectivorous lizards. Also, to the extent that aggressive interactions among rodents are important, the fact that individuals must enter and leave the plots through the gates may facilitate the defense of space by dominant individuals and species.
3) The kind of seeds added and their method of distribution may have influenced the response to these manipulations. Most natural seeds are smaller and different in details of their packaging and chemical composition than the millet particles we added. In addition, native seeds fall to the ground beneath the parent plant and are disseminated gradually over a period of weeks, and many become buried in the soil where they may remain for many years (Tevis 1958 ). Although we cannot evaluate the effects of all of these factors, it is likely that we are supplying exceptionally attractive and available food particles. It seems likely that species (such as D. spectabilis) that can efficiently harvest seeds and store them in large caches would benefit most from our seed additions, but perhaps not so much from more natural increases in native seed production.
We do not believe that these potential problems detract unduly from the importance of our experimental results. Indeed, the creation of possible artifacts is the price of human intervention in any natural system; some form of this problem is common to all experiments.
In conclusion, we wish to emphasize not only how much we have learned about the ecology of desert rodents from the present and previous studies, but also how much still remains to be done. Desert rodents probably have been studied more intensively by modern population and community ecologists than any other group of terrestrial organisms. These studies have been conducted by many independent scientists, who have used sophisticated observational, experimental, and statistical techniques to test current theories and investigate general questions. Although these studies generally agree in suggesting that food supply, interspecific competition, predation, habitat structure, and climate interact to regulate the abundance of particular species and to influence the composition of rodent communities, they have produced few other satisfying generalizations. Instead, they have revealed tremendous variation between sites as well as a wealth of complex interactions within local communities that serve only to underscore what challenging problems remain.
APPENDIX
Summary of the most important results of seed addition and species removal experiments on desert rodents. For each entry, top line gives mean values for plots subjected to the same treatment, and bottom line gives value of F or MannWhitney U, from a comparison of treatment means, followed by the probability level (underlining indicates P < .05). 
Treatment
